Background: The Prostate Cancer Prevention Trial (PCPT) was a 7-year randomized, double-blind, placebocontrolled trial of the efficacy of finasteride for the prevention of prostate cancer with a primary outcome of histologically determined prevalence of prostate cancer at the end of 7 years.
Introduction
Medical professionals and researchers recognize that nonadherence to medical treatment remains a challenge and have devoted significant resources to the development of intervention strategies to improve adherence rates. Despite these efforts, half of the strategies that are developed and tested fail (1) . The preponderance of the literature is devoted to medication adherence, particularly in patients with chronic illnesses, such as diabetes, cardiovascular disease, or HIV, but there is a small literature examining adherence to clinical procedures.
The end-of-study biopsy
The Prostate Cancer Prevention Trial (PCPT) was unusual in that its primary outcome (prevalence of prostate cancer during the 7-year trial) was based on a nonclinically indicated biopsy at the end of the trial (2) . A few studies have addressed adherence to a prostate biopsy recommendation and factors associated with agreeing to have the procedure. The Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) offers an opportunity to examine adherence to prostate biopsy screening recommendations. In this trial, across cancer disease sites, adherent participants were younger, had higher levels of education, and did not have a first-degree relative with cancer (3). Pinsky and colleagues examined factors associated with undergoing a prostate biopsy after a positive PLCO screen (4) . Participants were more likely to undergo a biopsy after a prostate-specific antigen (PSA) value of >7 ng/mL and after a positive digital rectal exam (DRE); a history of prostate problems and Asian ethnicity were also important correlates with adherence (4) . Men over the age of 70 were less likely to obtain a prostate biopsy when presented with a positive screening test in this study (4) . Moul noted that 55% of men with a positive PSA (>4 ng/mL) had a biopsy within 3 years of the screening information; even with the highest risk category of PSA levels (PSA level >10 ng/mL), only 75% obtained a biopsy by 3 years (5) . In a Veterans Administration clinic-based screening program for prostate cancer, Krongrad and colleagues reported that 57% of men with abnormal PSAs and/or DREs obtained a prostate biopsy (6) . These reports suggest that presentation of high-risk status is not sufficient to guarantee that a man will obtain a prostate biopsy.
This analysis expands the potential factors associated with adherence to an invasive end-of-study (EOS) procedure that were previously identified using PCPT data (7, 8) by examining psychosocial outcomes, participant health status, participant adherence, and site characteristics. These factors were drawn from well-known health behavior models such as the Theory of Planned Behavior and the Health Belief model (9, 10) . Identifying factors associated with potential nonadherence in a timely manner allows clinical trial researchers to select the population of participants most in need of an intervention to increase adherence. One year before the EOS biopsy coincides with a time when participants are close to the time of the EOS biopsy, yet far enough out that an intervention strategy can be delivered and have sufficient time to work. This approach mimics the real-world experiences of study staff working on clinical trials by only using information site staff have access to at the time the intervention strategy is applied.
This study has two aims. The first is to investigate novel factors associated with adherence through multivariate logistic regression; the second is to use receiver operating characteristic (ROC) curves to compare the specificity and sensitivity of our model among men who were and were not prompted for a biopsy.
Materials and Methods

PCPT description
The PCPT was a 7-year randomized, double-blind, placebo-controlled trial of the efficacy of finasteride for the prevention of prostate cancer (11, 12) . The primary outcome for the trial was prevalence of prostate cancer as measured by a transrectal ultrasonographic-guided biopsy of the prostate (minimum of six cores) at the end of 7 years or an interim diagnosis of prostate cancer. Men randomized to finasteride had a 24.8% reduction in the prevalence of prostate cancer compared with those who were randomized to placebo. Details of the trial design and eligibility criteria have been presented elsewhere (2, 13) .
Criteria for inclusion in the biopsy adherence sample
This analysis examines factors associated with EOS biopsy adherence using information obtainable as of year 6, 1 year before the EOS biopsy. Participants who died or became lost to follow-up between years 6 and 7 (n ¼ 431) were included in the primary model and counted as having no EOS biopsy.
Eligibility and exclusion criteria are shown in Fig. 1 . Participants were eligible if none of the following events happened as of year 6: prostate cancer diagnosis; prostatectomy or cystoprostatectomy; death; and loss to follow up. Participants randomized after March 26, 1996, were excluded because of early study closure on June 24, 2003; these participants did not complete their EOS windows (7-year anniversary of their randomization þ 90 days) and their adherence could have been influenced by the early publication of study results. Missing demographic data on 14 participants led to their exclusion from these analyses.
The analysis is stratified by biopsy prompt history: Those participants who had ever been prompted for a prostate biopsy before year 6 (via elevated PSA or DRE suspicious for cancer) and those who had not, as these groups have potentially different motivations for adherence with the EOS biopsy.
Potential covariates
The covariates considered for inclusion in the models are: age at year 6; demographics measured at randomization; comorbidities over the course of the trial; healthrelated quality of life (HRQL) at year 6; measures of participant adherence at year 6; prior negative biopsy; and site characteristics. See Table 1 for a complete listing of covariates examined in this analysis.
HRQL covariates were assessed using the Short Form-36 (SF-36) Health Survey. SF-36 scales (14) (15) (16) are scored on a 0 to 100 scale with higher values reflecting better HRQL. Table 1 lists the four scales selected from the full SF-36 for this analysis, which cover key domains of HRQL. Participants who were off treatment were no longer required to submit HRQL forms. PCPT outcome and covariate measures for the HRQL component of the PCPT are described in Moinpour and colleagues (17) Participants with missing forms and participants with below average scores had similar ORs and were grouped and compared with participants with average or better scores. An "average or better" score is defined as a score that is equal to or greater than the population mean minus half an SD (a moderate-sized effect; ref. 18 ) for that particular score, based on the SF-36 scales for the U.S. general population for men 55 and older (17) ; these age-specific norms were provided for the PCPT by Dr. John Ware (personal communication, 1994) , based on the normative database for the SF-36 published in the SF-36 manual (19) .
General adherence covariates measured how well a participant followed the study protocol. Study drug administration was once daily; participants who stopped taking the study drug were considered off treatment. Adherence to this regimen was measured using pill counts and calculated as a percentage of required pills taken over time; at least 80% was considered adherent. Study contacts were quarterly, with visits every 6 months and phone calls at 3 months between visits. A participant who missed a regularly scheduled visit or call was counted as ever missing a visit. PSA tests and DREs were required annually with abnormal results prompting a biopsy. Participant refusal of a prompted biopsy by year 6 was considered a measure of nonadherence.
PCPT was conducted at 219 sites, with enrollment ranging from 1 to 1,444 randomized participants. Site characteristics included being an NCI-funded Community Clinical Oncology Program (CCOP) site (20) , site performance, and receipt of a retention and adherence (R&A) grant. Site performance was measured by submission rate of study forms, with low submission rates indicating poor site performance. R&A grants were intended to support overall site R&A activities. Additional adherence interventions are described in Table 2 . Most of these activities were initiated midway through the trial, particularly after the conduct of a series of focus groups in which we examined barriers and reinforcements for complying with all trial requirements.
Statistical analysis
The probability of participants having an EOS biopsy versus nonadherence was modeled using logistic regression. Analyses used PROC SURVEYLOGISTIC in SAS 9.2 (SAS Institute Inc.) and accounted for participants clustered within sites.
Differences in descriptive study covariates were tested with the t test and the c 2 test for continuous and categorical measures, respectively. Collinearity diagnostics for multivariate models were performed on all candidate covariates, looking at variance inflation factor. Finally, potential interactions between site characteristics, general adherence, and age were tested; statistically significant interactions were included in the final model. Multivariate models were conducted separately for men who received a biopsy prompt and men who did not.
Study covariates were chosen based on prior literature (7-10); the final multivariate models included factors with significant bivariate relationships (Tables 1  and 3 ). In selecting these variables, we were aware of the interrelated nature of the many variables involved in encouraging study adherence (21) . For this analysis, therefore, we examined a full range of potential interactions between study participants, study staff, and investigators that might reinforce study bonding and enhance participant adherence to study requirements. Predictive power was measured using the area under a Prostatectomies are as follows: six prostatectomies for bladder cancers; one prostatectomy for BPH symptoms.
18,882 men randomized to PCPT 5,276 men excluded: 2 had a prostate cancer diagnosis before randomization. 2,684 were randomized after 3/25/1996 and would not have completed EOS window due to early study closure. 589 were diagnosed with prostate cancer before year 6. 7 had a prostatectomy without a prostate cancer diagnosis a before year 6. 798 died without prostate cancer. 622 refused further follow-up by year 6. 574 were lost to follow-up before year 6. the ROC curve, with a value of 0.7 considered adequate discrimination (22) . All data were used to calculate ROC curves (Fig. 2) .
Results
Descriptive findings
Excluded participants were less likely to be white (88% vs. 93%) or be from a larger site (33% vs. 41%). Differences were greater for participants lost to follow-up than participants excluded because of early study closure. Participants who had ever received a biopsy prompt by year 6 were more likely to have an EOS biopsy than those who had not received a prompt [unadjusted OR, 1.28; 95% confidence interval (CI), 1.17-1.41]. The EOS biopsy rate among men ever and never prompted for a biopsy was 67.4% and 61.7%, respectively. The combined EOS biopsy rate for all participants included in this analysis was 62.8%. Table 3 provides descriptive information for participants by EOS biopsy adherence status. Participants who had an EOS biopsy were different from participants who did not have the procedure. Participants who obtained biopsies were more likely to be adherent to study drug at year 6 (84.2% vs. 46.9%) or have a DRE or PSA test at year 6 (98.5% vs. 75.2%). They were more likely to come from sites that were larger, received R&A grants, or were performing well. Differences for most characteristics presented in Table 3 are not very sizeable, despite the small P values. Table 4 presents the final model and ORs for having an EOS biopsy for the subset of men who ever had a biopsy prompt by year 6. Main effects show that participants were more likely to adhere to the EOS biopsy if they were adherent to study visit schedules and procedures (adherent to study drug, had DRE/PSA test, and no missed contacts) and/or were in good health (younger age, high/better SF-36 Physical Functioning scores). The SF-36 Mental Health score was identified as being collinear with the other HRQL measures and was excluded from the analyses presented in Tables 4 and 5 . Interaction results showed participants at larger sites that received R&A grants were more likely to have an EOS biopsy.
Models
As shown in Table 5 , the subset of participants never prompted for a biopsy by year 6 also were more likely to adhere to the EOS biopsy if they were adherent to study visit schedules and procedures and/or were in good health (high/better SF-36 General Health/Health Perceptions scores). Interaction results showed participants at larger sites that received R&A grants also were more likely to have an EOS biopsy.
ROC curves for each model are shown in Fig. 2 . The models have adequate discrimination between men who will and will not receive an EOS biopsy; the area under the ROC curve for men ever and never prompted for a biopsy is 0.74 (95% CI, 0.72-0.76) and 0.77 (95% CI, 0.76-0.78), respectively. Randomized fewer than 200 participants Ever missed a contact in the past year (between years 5 and 6)
Poor performance Ever missed a contact between randomization and year 5
Ever received an R&A grant Ever off treatment Abbreviations: BMI, body mass index; BPH, benign prostatic hyperplasia. a At randomization. b "Ever" indicates "ever before year 6" unless otherwise specified. c Considered only for men who were ever prompted for a biopsy. Reinforced the importance of the biopsy requirement and suggested strategies for preparing study participants (End-of-Study Biopsy Packet was distributed). Throughout the trial, site staff received current information on the progress of the study through the PCPT newsletter, the PCPT Update.
EOS biopsy manual
This manual was designed to help study staff educate study participants and site urologists about the importance of the EOS biopsy. It addressed the following planning issues: logistics (e.g., communicating with site urologists); holding a biopsy information session; biopsy information for study participants (e.g., the brochure); pathology issues; plans for after the biopsy; payment information for the biopsy; information on the site grant program; and tips for finding participants lost to follow-up. Site staff was encouraged to customize the folder to make it useful for the specific site but time tables and strategies were suggested. Articles in the PCPT participant (The Vanguard) and staff newsletters (PCPT Update) Site size has a modest impact on the variability of EOS biopsy adherence. The intraclass correlation coefficient (ICC) for site size and EOS biopsy adherence among men ever prompted for a biopsy is 0.11 (0.11 for small sites; 0.07 for large sites). Among men never prompted for a biopsy ICC ¼ 0.08 (0.08 for small sites; 0.05 for large sites). 
Discussion
The goal of this research was to identify factors prospectively associated with the EOS biopsy in the PCPT. More specifically, we sought to determine which factors identifiable at year 6 were associated with the willingness of a participant to undergo an invasive procedure 1 year later. The PCPT is unique because it was a prevention, rather than a treatment, trial: The biopsy procedure was critical for evaluating the intervention, but not clinically indicated for most participants. A recent study examining the use of research biopsies in therapeutic clinical trials shows that participants may not have a clear understanding of the risks and benefits of these procedures, suggesting that researchers need to improve study protocols and informed consents to ensure that participants fully understand the study procedures and requirements (23) . This is particularly important in trials like the PCPT in which the EOS biopsy happens 7 years after participant enrollment.
Interpretation of results
Our results show that a variety of participant and site characteristics are associated with participant adherence to the invasive EOS requirement. At the participant level, adherence with study schedule and procedures and general good health is associated with higher EOS biopsy rates; participants at sites that were larger and/or procured R&A grants also had higher EOS biopsy rates.
Probstfield and colleagues have identified failing to adhere to the study agent regimen, missing a study visit, and going off study treatment as "red flags" (24, 25) that should be addressed during the course of the trial to keep participants fully engaged in trial activities and outcomes ascertainment.
These "red flags" coincide with the general adherence factors identified in this analysis as being associated with EOS biopsy adherence. Although the analysis does not indicate that improving adherence to study requirements will improve adherence to the EOS biopsy, it does lend support to their status as "red flags." Our study found that older men were less adherent, as did the PLCO for any diagnostic procedure (4). In the PCPT, the lower EOS biopsy adherence rate for older participants could be related to the perceived physical demands of the procedure or age-related medical contraindications. For example, one of the reasons physicians recommended that participants not obtain the EOS biopsy was the need to stop anticoagulation medication for this study-specific procedure. It is important to note that these physicians were not associated with the study, so their primary concern was the well-being of their patients.
We expect larger sites to perform better in nearly all aspects of the study, including having higher rates of EOS biopsies, primarily due to economy of scale. Successful large sites require better management practices to be efficient. Smaller sites can tolerate inefficiencies better and, due to small volume, may lack the motivation to streamline study practices. For example, the top accruing PCPT site had 1,444 participants, nearly three times the next largest site, and was considered one of the best sites of PCPT for data quality. The finding about R&A grants is ambiguous. We cannot determine from this analysis whether site use of R&A grants specifically affected EOS biopsy rates, or whether there is something different about the sites that applied for and received the R&A grants.
The primary concern of this analysis is correctly identifying participants at risk of not completing final study requirements. Identifying these participants shortly before the final study outcome assessment and targeting them with intervention strategies to increase adherence with final study requirements may be a better use of limited staff time than strategies directed at all participants throughout the trial. The cost of any strategies and the cost of identifying the appropriate participants, however, must be weighed against the benefit to the study. If the study design assumptions are not being met and the ability of the study to achieve its objectives is at risk, an intervention strategy may be worthwhile to salvage the study. In the case of the PCPT, we conducted a number of adherence activities to help site staff and participants recognize the importance of the EOS biopsy. These initiatives were not formally evaluated, although we solicited and received feedback from site staff and study participants on their reaction to most of these activities; this feedback was helpful each time and helped inform the next set of activities.
PCPT met its study specified biopsy rate of 60%, which implies reasonable adherence because the study design required a 60% rate ascertainment of prostate cancer status. Interventions were suggested to all PCPT sites for enhancing adherence with the EOS biopsy because this was an invasive trial outcome. As noted in Table 2 , we held EOS informational/educational sessions with participants (often funded with an R&A grant), asked sites to show the EOS biopsy video distributed to all PCPT sites at the educational session and making it accessible to participants whenever they were at the site, distributed the EOS Biopsy brochure to all participants, and provided the EOS biopsy manual to be used by site staff to ready each site and its participants for this challenging outcome.
Limitations
The study population was mostly white, highly educated, and healthy; the results may not be applicable to more diverse and underserved populations. To obtain the PCPT prostate biopsy endpoint, the study required a participant commitment of 7 years, and the models apply only to participants who remained in the study for at least 6 years.
Conclusions
A variety of factors are prospectively associated with complying with the EOS biopsy: adherence to basic requirements for research study participation, good participant health, and certain site characteristics. This model is perhaps best used as a starting point for other studies to consider when trying to increase adherence to invasive, nonclinically indicated procedures. These factors can be used to identify a subgroup of trial participants who are not likely to have a nonclinically indicated procedure. The study can then apply an appropriate intervention strategy to increase adherence to that procedure.
We conclude with a quotation from a PCPT participant who agreed to be in one of the focus groups held midway through the 7-year study period. The question was raised about the impact of any problems experienced with the study drug. One participant who indicated some problems with the drug said, ". . .but dropping out would be like jumping ship. All that time would be wasted." The facilitator asked him, "For you or the study?" and the participant responded, "Well, for me and the study because I am the study." Our ability to carry out successful long-term prevention trials is certainly enhanced if we can create a study environment that generates this level of participant commitment. 
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